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YERSINIA ENTEROCOLITICA IN RECREATIONAL LAKES AND

SEWAGE SYSTEMS

BACKGROUND INF ORMATION

Yersinia enterocolitica has only very recently begun to attract the

attention of the medical and microbiological professions. This development during

the past decade has mainly resulted from the recognition of Y. enterocolitica as a

cause of ever increasing numbers of human infections, mainly gastroenteritis (Kohl

1978, Toma and Lafleur 1976, W.H.O. 1976). Its association with outbreaks of

enteric disease has stimulated several epidemiological studies throughout the

world. To date, however, the etiology of Y. enterocolitica in human illness remains

poorly understood (Bottone 1977, Mair 1973). Even less is known about the

physiology and ecology of this microbe in the environment.

Because water is a possible vector for the transmission of this

bacterium to humans (Keet 1974) and because its occurrence in water may be

related to trophic conditions (Kapperud and Jonsson 1978), a study of Y.

enterocolitica in waters of the Muskoka-Haliburton district was initiated by the

Lakeshore Capacity Study Microbiology Component in 1977.

Preliminary field work, conducted in 1978, revealed the presence of

Y. enterocolita in recreational waters during the winter months (Lautenschlager

and Burger 1979). A significant advance was later made in the development of a

quantitative procedure for determining Y. enterocolitica in water. This procedure

provided the means for examining various aquatic environments for the presence

and level of contamination of this bacterium.

In the present report the incidence and levels of Y. enterocolitica in

lakes, surface waters, and in sewage lagoon systems are tabled and discussed. The

relationships of this microorganism to environmental conditions, to other bacteria

and to human disease are discussed relevant to the current literature.
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LITERATURE REVIEW

Yersinia enterocolitica was first implicated in human infection 40

years ago (Schleifstein and Coleman 1939). By 1966 it had been reported as a

pathogenic bacterium in only 23 cases of human infection throughout the world

(Toms 1973a). By 1975 it had been implicated in more than 5,000 cases of infection

in humans (Toma and Deidrick 1976), while many more cases probably were not

detected (Kohl 1978; Kruger and Clemens 1974). Toma and Lafleur (1974) indicated

that incidence of Y. enterocolitica associated with acute gastrointestinal illness

had surpassed that of Shigella in similar infections and was second to that of

Salmonella. In response to this increased incidence of Y. enterocolitica infections,

a reference laboratory was established in Canada in 1974 by federal and provincial

health authorities (Toma and Deidrick 1976). The reference laboratory received

more than 977 cultures of Y. enterocolitica which had been obtained from human

patients who had suffered from acute gastroenteritis, septicemia, or from

infections of the appendix, throat, gall bladder, lymph nodes or other sites between

1966 and 1977 (Toma, Lafleur and Deidrick 1978, unpublished manuscript). Of

these, 848 cultures originated from patients in Ontario and Quebec. Thirty-six

cases of Y. enterocolitica infection were reported amonq young patients at the

Hospital for Sick Children between 1972 and 1974 (Randall and Bannatyne 1975).

Outbreaks of Y. enterocolitica infection have been reported in

several countries (Szita and Svidro 1976; C.D.C. 1973, 1977; Asakawa et al 1973;

Gutman et at 1973; Toivanen et al 1973; Zen-Yoji 1973). These reports have

suggested that contaminated foods or interfamilial contacts may have been

responsible for the outbreaks but in only one incidence (Black et al 1978; C.O.C.

1977) did epidemiological evidence confirm the cause to be due to contaminated

food (cholocate milk). Waterborne Y. enterocolitica was suggested as a possible

cause of several hundred cases of gastrointestinal illness at a ski resort in Montana
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(Eden et al 1977) but an incomplete epidemiological investigation of the outbreak

failed to identify the etiological agent. Waterborne Y. enterocolitica, however,

was more strongly implicated in a case of septicemia in New York state (Keet

1974) and in a case of violent gastroenteritis in Norway (Lassen 1972). Y.

enterocolitica has been isolated from various foods (Seelye and Yearbury 1979;

Caprioli et al 1978; Schiemann 1978a; Schiemann and Toma 1978; Lee 1977a, b;

Hanna et al 1976; Morris and Feeley 1976; Inoue and Kurose 1975; Lassen and

Bekkus 1971.)

A wide variety of wildlife (Mair 1973; Langford 1972) including

beaver, racoon, robin, geese, muskrat (Hacking and Sileo 1974), deer (Wetzler and

Hubbert 1967), rodents (Kaneko et at 1978; Kapperud 1975; Aldova and Lim 1974),

oysters (Toma 1973), fish (Alonso et al 1976; Kapperud and Jonsson 1976, 1978),

snails, frogs (Botzler et al 1968, 1976) and domesticated animals (Pedersen 1976;

Wilson et al 1976; Hubbert 1972; Krogstad et al 1972) have been shown to harbour

Y. enterocolitica. Swine have been reported as the most important animal

reservoir of the strains of Y. enterocolitica commonly involved in human illness

(Toma and Deidrick 1975; Esseveld and Gouldzwaard 1973; Dickinson and Mocquot

1961). Y. enterocolitica has also been isolated from the intestinal contents or

feces of apparently healthy animals (Yanagawa et al 1978; Berensen 1975; Inoue

and Kurose 1975; Kapperud 1975; Aldova and Lim 1974; Wetzler and Hubbert 1968)

and humans (Alonso et al 1976; Szita and Svidro 1976; Mollaret 1976; Makulu et al

1968; Schleifstein and Coleman 1943). However, the relationship between these

reservoirs of Y. enterocolitica and human disease has not been established

(Bottone 1977; Mair 1973).

Of primary interest to the present study are the recent reports of Y.

enterocolitica and Y. enterocolitica-like bacteria in the aquatic and terrestrial

environments. Y. enterocolitica has been isolated from lakes or ponds (Kapperud

and Jonsson 1978; Kapperud 1977; Pickett 1977, unpublished; Botzler et al 1976,
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1978; Harvey et al 1976), from streams or rivers (Kapperud and Jonsson 1978;

Jansen and Saari 1977; Harvey et al 1976), and from wells and drinking water

supplies (Schiemann 1978b; Eden et al 1977; Highsmith et al 1977a; Lassen 1972).

In several instances Y. enterocolitica or Y. enterocolitica-like bacteria were

recovered from potable waters that were apparently free of the standard health

indicator bacterial parameters (Schiemann 1978b; Lassen 1972).

Very recent studies support the view that Y. enterocolitica is an

ubiquitous bacterium (Mollaret and Thai 1974) but have raised many new questions

about the ecology of Y. enterocolitica and the relationship of this organism to

human disease. Studies of the environmental distribution of Y. enterocolitica in

France (Barre et al 1979a, b; Bercovier et al 1978, 1976; Alonso et al 1976;

Mollaret 1976) and in Scandinavia (Kapperud 1979, unpublished, 1975, 1977;

Kapperud and Jonsson 1976, 1978) provide evidence for the exchange of Y.

enterocolitica and Y. enterocolitica-like bacteria between man, animals and

terrestrial and aquatic environments. In Japan a study conducted at a piggery

(Fukushima et al 1979) indicated a probable role of flies as vectors in the

transmission of Y. enterocolitica.

Two studies suggest seasonal fluctuations in the occurrence of Y.

enterocolitica in soil (Barre et al 1979a) and in oligotrophic lakes and river water

(Kapperud and Jonsson 1978) by showing its frequent presence during colder seasons

and its absence or rare occurrence during the warmer summer months. Some

strains of Y. enterocolitica are capable of growth and prolonged survival in distilled

water at 4, 25 and 370C (Highsmith et al 1977c). Their survival in water may be

influenced by the organic matter content of the water (Oye 1978), by levels of

competing bacteria (Dominowska and Malotte 1971), and by water temperature

(Schillinger and McFeters 1978). Y. enterocolitica apparently survives for longer

periods in stream water at low temperatures (5.0 - 8.50C) than does Escherichia

coli but die off more quickly than E. coli when continuously exposed to flowing

chlorinated tap water (Schillinger and McFeters 1978).
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The French and Scandinavian studies support the suggestions of

Botzler et al (1976, 1968) that water and soil may be a reservoir of Y.
enterocolitica and that transmission of these bacteria between animals and their

environments may occur via food chains. Because of their atypical biochemical and

serological characteristics, most environmental strains may be commensal organ-

isms which "are able to induce occasionally an atypical overinfection (in humans)

mainly due to host status or to ecological conditions" (Mollaret 1976). Nevertheless

Y. enterocolitica and Y. enterocolitica-like bacteria with atypical biochemical and

serological characteristics have been reported in diseases of wildlife (Hacking and

Sileo 1974) and of man (Toma et al 1978; Bottone 1978; Bottone et al 1974).

"The role of biochemically atypical Y. enterocolitica in human infections

is slowly being elucidated. It is plausible that these exogenous strains

have already become host adapted in humans but have been overlooked as

a cause of pathology because of their distinctiveness from typical Y.

enterocolitica and their overall resemblance to other Enterobacteriaceae.

Alternatively, it is also plausible that these strains are presently in the

evolutionary process of becoming host adapted in humans. Because of

their genetic relatedness to Enterobacteriaceae (Brenner et al 1976), a

potential exists for their acquisition of plasmids from other members'

coding for colonization factors and/or enterotoxin production (Evans et al

1975) which could markedly enhance their success in this adaption. Only

continued reports of their association with human disease will clarify

their evolutionary pursuit" (Bottone 1978).

In these regards it is interesting to note that some environmental

strains of Y enterocolitica have been shown to possess the capacity to produce
heat-stable enterotoxin (Pai et al 1978; Pai and Mors 1978) and that both
intraspecific and interspecific exchange of factors for antibiotic resistance
between Y enterocolitica and other Enterobacteriaceae have recently been
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demonstrated (Bechtel and Boring 1979; Kanazawa and Kuramata 1974).

Much of the apparent confusion about the pathogenicity of Y.

enterocolitica, especially those strains with atypical and biochemical character-

istics, and about its etiology in human infection is due to the lack of suitable

quantitative procedures for the recovery of these bacteria from feces, tissues, soil

and water. This lack of procedure is also partly due to the extraordinary

temperature-dependent physiological characteristics of this microbe (Zink et al

1980; Pai and Mors 1978; Sonnenwirth 1974; Nilehn 1969a, 1973). Suitable tools for

epidemiological studies are not well developed and health risks associated with

various levels of Y. enterocolitica are yet to determined.

All published isolation methods for Y. enterocolitica lack selectivity,

frequently involve a time-consuming enrichment procedure (i.e. Sorger et al 1978;

Highsmith et al 1977b; Lee 1977a; Pickett 1977, unpublished; Harvey et al 1976;

Eiss 1975; Greenwood et al 1975; Nilehn 1969a; Juhlin and Ericson 1961), require

considerable experience on the part of the user in recognizing Y. enterocolitica-

like isolates (Highsmith et al 1977b; Toma and Deidrick 1975; Toma 1973a; Juhlin

and Ericson 1961), and usually require considerable supplementary testing of

isolates before they can be reliably identified (Schiemann 1978b; Schiemann and

Toma 1978a; Lassen 1975; Juhlin and Ericson 1961). These matters have been

reviewed in greater detail in a previous unpublished report (Lautenschlager 1978)

and by Mehlman et al (1978).

Confounding the situation further is the fact that many cases of

human infection with Y. enterocolitica go undetected due to a lack of familiarity

of physicians with yersinial infections, a failure of many diagnostic laboratories to

culture specifically for this organism, or a failure to recognize it when it does

appear during routine analyses (Bottone 1978; Kohl 1978; Randall and Bannatyne

1975; Bottone et al 1974). Indeed, Toma et al (1978) suggested that greater
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awareness of Yersinia had resulted in the much higher incidence of clinical

isolations in Ontario and Quebec than in the rest of Canada.

The foregoing review has presented the currently available informa-

tion in the published literature concerning the etiology of Y. enterocolitica in

human infection and its distribution and physiology in various environment.

However, there is a paucity of reports concerning the distribution of Y.

enterocolitica in lakes and surface waters of Ontario. There apparently are no

reports of Y. enterocolitica in relation to waters contaminated by human wastes.

In the present study the distribution of Y. enterocolitica in lake waters of Muskoka-

Haliburton, the possible sources of Y. enterocolitica in these waters, and the

relationships between Y. enterocolitica, standard indicator bacteria, environmen-

tal conditions and sewage wastes are examined.

MATERIAL AND METHODS

Sampling Sites

A list of the sites in Muskoka-Haliburton from which water or sewage

samples were obtained in 1979 is shown in Table 1. Seven additional sources of well

or stream water used by private households or cottages in the study area were also

sampled. For purposes of this study the sites examined were two types: (a) lake

water, wells, and streams with no apparent contamination by untreated human

sewage wastes, and (b) waters within or in close proximity to lagoons at sewage

lagoon systems. One or more sampling stations were established at each site.

These are listed in Appendix A (Ministry of the Environment, 1980).

The four sewage lagoon systems examined were: f3racebridge Lagoon

System, Bracebridge; Hidden Valley Lagoon System, near Huntsville; Ontario

Pioneer Camps Lagoon Systems, near Port Sydney; and Pinestone Inn Lagoon

System, near Haliburton.

The location of sampling stations at the lagoon systems except the

Ontario Pioneer Camps are shown in figures 1, 2 and 3.
...8
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Table 1. Sampling sites of Muskoka-Haliburton examined for Yersinia

enterocolitica during the period February to August 1979.

Arrowhead Lake Beach (1) McFadden Lake (2)

Bracebridge Lagoon System (20) Mouse (Moose) Lake (25)

Buck Lake (24) Muskoka Bay (42)

Dickie Lake (2) Muskoka River (1)

Fawn Lake (1) Ontario Pioneer
Camps Lagoon Systems (4)

Gosling Lake (1)

Grandview Lake (3) Pine Lake (36)

Gull Lake (60) Pinestone Inn Lagoon System (17)

Head Lake (46) St. Mary's Lake (47)

Hidden Valley Lagoon System (10) Seventeen-Mile
(Little Clear) Lake (26)

Jerry Lake (16)

Lake of Bays (Baysville) (1) Skeleton Lake Hatchery (2)

Lake of Bays (Dorset) (2) Tock Lake (2)

Lake of Bays (Dwight) (1) Tooke Lake (1)

Linginstone Creek (2) Twelve-Mile Lake (8)

Long's Lake (2) Vernon Lake (57)

Lower Fletcher Lake (2) Walker Lake (47)

Mary Lake (39)

Numbers in brackets are the number of samples analyzed.

* Seven additional sources of well or stream water used by private households

or cottages in the study area were also sampled and are listed in MOE (1980).
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Sampling Procedures

Samples of water or sewage were collected from each sampling

station periodically during the study period using standard sampling procedures

(M.O.E. in preparation). A total of 452 water samples from lakes, streams and

wells, and 53 samples from sewage lagoon systems were obtained for bacteriologi-

cal analyses. Whenever possible, additional water samples were also obtained for

chemical analyses. On most sampling occasions the temperature of the water was

obtained using either an electronic thermister-type thermometer (Y.S.I. Model 54)

or an alcohol filled field thermometer.

Special sampling procedures were employed on one occasion (July 10,

1879) in order to obtain water samples from various depths in the water column at

a mid-lake station of Mary Lake (Station 13). On that occasion water temperature

and dissolved oxygen concentration were determined at 1 m intervals throughout

the water column using a combination temperature-dissolved oxygen metering

device (Y.S.I. Model 54). At depths of 1, 10 and 17 m, water samples were

obtained using a bulb-sampler which was activated by a cable-guided weighted

messenger at each appropriate depth. These samples were analyzed for

bacteriological parameters only.

Chemical Analyses

Analyses for various forms of carbon and nitrogen and total

phosphorus in sewage and water samples were carried out by the Ontario Ministry

of the Environment Water Quality Laboratories in Dorset and Toronto using

standard analytical procedures (M.O.E. 1978).

Bacteriological Analyses

Isolation and determination of Y. enterocolitica from water and

sewage samples was made using a two-step membrane filtration procedure which

will be described in greater detail in a future report. This procedure, briefly,
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involved membrane filtration of several appropriate volumes of sample water with

an initial incubation of each membrane filter on Rimler-Shotts broth medium

(Fliermans et al 1977) for 22 h at 350 C (Figure 4). Following this incubation,

membrane filters which were not excessively overgrown with background organisms

were transferred to individual plates of urea agar. The urea agar employed was

Christensen's Urea Agar (Difco) or Christensen's Urea Agar which had been

modified by the substitution of maltose for glucose as the sole carbohydrate source.

These urea agar plates were then observed after 24 h and 48 h incubation at 35oC

for evidence of urease activity in the agar below individual bacterial colonies. The

Y. enterocolitica and background colony counts were determined at the time of the

48 h observation.

On urea agar, most Y. enterocolitica colonies appeared urease

positive and were generally distinct from other bacterial colonies by possessing one

or more differentiating rings about the central part of the colony or by the subtle

presence of a diffuse, pale-blue or colorless, slightly opaque colony centre. Well

isolated Y. enterocolitica colonies were usually recognized by a blue to bluish-

green coloration of the colony centre, its surrounding usually darker blue ring(s) and

a slight clear, colorless border.

The accuracy of the Y. enterocolitica counts obtained was assessed

for nearly every sample analyzed by the following procedure. Some or all of the Y.

enterocolitica colonies which had been enumerated on a particular membrane filter

were retained on agar slants or in frozen storage. These cultures were later

identified using a commercial biochemical test system (API-20E, Analytab

Products, New York). Where confirmation was not obtained, the Y. enterocolitica

count for the respective sample was lowered accordingly.

In addition to the analysis for Y. enterocolitica the samples were

usually concurrently analyzed by standard procedures (M.O.E. in preparation) for

one or more of the following bacteriological parameters: total and fecal coliforms,
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Membrane Filtration And
Isolation on Rimler-Shotts
Broth, 22 h at 35 C.

Filter Transfer

Reincubation on Christensen's or
Modified Christensen's Urea Agar,

24-48 h at 35 C. Colony Enumeration

Colony Selection

Culture Purification And
Morphological Studies on
MacConkey Tween 80 Agar,

48-72 h of 25 C.

Pure Culture Transfer

Growth on MacConkey Tween 80 or

Tryptic So; Agar ct

Agar Slant And
Frozen Storage

SCREENING PROCEDURES

Motility at 25,35 C
Urea Reaction
Oxidase Reaction
Growth on Triple Sugar
Iron Agar Slants

SEROLOGICAL AND BIOCHEMICAL CHARACTERIZATION OF SELECTED CULTURES

FIGURE 4 : FLOW CHART OF PROCEDURE EMPLOYED FOR THE ISOLATION,
IDENTIFICATION AND CHARACTERIZATION OF YERSINIA ENTEROCOLITICA
FROM WATER.
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fecal streptococci, Pseudomonas aeruginosa, Aeromonas hydrophila, and hetero-

trophic bacteria. All bacteriological analyses of water and sewage samples were

carried out at the Dorset Microbiology Laboratory.

Serological and biochemical characterization of selected Y. entero-

colitica cultures isolated in this study was carried out at the Yersinia Reference

Laboratory, Ontario Ministry of Health, Rexdale, Ontario.

...16
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RESULTS AND DISCUSSION

Detailed results of bacteriological analyses of water samples from

lakes, streams, wells and from waters in or in close proximity to sewage lagoons

are tabled in MO: (1980). Results of chemical analyses and environmental data

were obtained for only some of these samples and are recorded in detail in MOE
(1980). The data in these appendices are arranged in alphabetical order according

to the name of the specific sites where sampling was conducted.

(a) Yersinia enterolitica in recreational lakes, streams and well water.

A summary of the incidence and densities of Y. enterocolitica in

surface and well waters and the median water temperature for each month of the

1979 study period is presented in Table 2.

Y. enterocolitica was detected in about 28% of the surface and well

water samples. The fregency of isolation was greatest (93-100%) during the period

when surface water temperatures were low (February - April) ranging from 1.0 to

8.10C. During this period Y. enterocolitica densities were from 2 to 500 per 100
ml. With increasing water temperature, which accompanied the onset of spring and

subsequent ice melt, the frequency of isolation of Y. enterocolitica decreased to

60% for samples in the month of May, 26% in June, 10% in July and 0% in August.

The median water temperatures for these months were 13.9, 18.8, 23.1 and 19.90C,
respectively. These findings, which strongly suggest a negative relationship
between the incidence of Y. enterocolitica in water and water temperatures, agree
with those of Kapperud and Jonsson (1978) and Barre et al (1979a).

Most (95%) of the water samples taken during the study contained 100

or less Y. enterocolitica per 100 ml (Table 2). Of the 10 samples with densities of

Y. enterocolitica greater than 100, a mid-lake sample from Gull Lake and a
shoreline sample from Head Lake were not directly influenced by flowing waters.

...17



Table 2. Water temperatures, incidence of Yersinia ente ,colitica and range of densities of Y. enterocolitica in surface water samples
obtained from lakes and streams, and in well waters of Muskoska-Haliburton during February to August 1979.

Range Number Frequency Number of Samples and Range of Densities
Median of of Total (%) per 100 ml of Y. enterocolitica Detected
Water Water Samples Number of

Month Temperature Temperature in which of Positive
(oC) (oC) Y.e. Samples Y. e. 0-5 > 5-10 > 10-50 > 50-100 > 100-500

Detected Samples

February 1.0 N.D. 7 7 100 2 1 3 1 0

March 2.0 1.0- 3.0 19 19 100 2 3 8 5 1 ,

April 7.5 2.3- 8.1 26 28 92.8 1 5 15 3 2 ;
May 13.9 9-0- 16.6 74 124 59.7 19 24 25 3 3

June 18.8 15.0- 23.5 64 242 26.4 6 17 28 11 2

July 23.1 17.5- 25.1 7 67 10.4 1 0 3 1 2

August 19.9 14.4- 22.2 0 55 0 0 0 0 0 0

TOTALS 197 542 27.5 31 50 82 24 10



The other 8 samples were obtained near inflowing or outflowing streams of lakes.

Barre et al (1979a) reported that Y. enterocolitica was widely distributed in

forested soils. Therefore, our findings may reflect an association between benthic

waters and allochthonous Y. enterocolitica. Since very little is known about

sources of Y. enterocolitica, further study is required (i.e. Barre et al 1979a, b;

Kapperud and Jonsson 1976, 1978; Schiemann 1978b; Botzler et al 1968, 1973).

Some additional information concerning the relationship between

aquatic incidence of Y. enterocolitica and water temperature was obtained from a

brief experiment conducted at Mary Lake on July 10, 1979. Water samples were

obtained at depths of 1, 10 and 17 m from the water column of a mid-lake station

where the maximum depth was about 19 m. The results of temperature and

dissolved oxygen determinations are reported in Table 3. The results of

bacteriological analyses of samples are recorded in Table. 4.

Y. enterocolitica was detected only in the sample obtained from a

depth of 10 m where the water temperature was 10.20C. The Y. enterocolitica

density was relatively low, 11 per 100 ml. The only other distinguishing features of

these samples were the higher fecal streptococci density and the lower densities of

total coliform, and A. hydrophila, in the 10 m sample compared to the samples

from 1 and 17 m. The bacteriological characteristics of the 10 m sample were very

similar to those observed for samples obtained during the winter months but

considerably different from most surface water samples during July. The absence

of Y. enterocolitica from the 17 m sample cannot readily be explained and requires

future studies.

These findings confirm the presence of Y. enterocolitica in the

deeper, colder waters of a lake during a period when it could not be detected in the

surface waters of lakes. Y. enterocolitica was detected in only two other lake

water samples during July (Gull Lake, Stations 13, 14). In both instances mid-lake

samples were composited over the entire euphotic zone. The vertical distribution
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Ta61e 3. Water temperature and dissolved oxygen profiles of the water

column of station 13, Mary Lake, on July 10, 1979.

Depth (metres) Water
Temperature (oC)

Dissolved
Oxygen (p.p.m.)

1.0 20.5 9.3

2.0 19.7 9.5

3.0 19.3 9.4

4.0 18.8 9.3

5.0 18.5 9.2

6.0 18.0 9.1

7.0 17.3 8.8

8.0 15.5 8.6

9.0 12.8 8.8

10.0 10.2 9.2

11.0 9.0 9.4

12.0 7.2 9.6

13.0 6.4 9.9

14.0 6.2 10.2

15.0 5.9 9.6

16.0 5.6 10.0

17.0 5.3 10.0

18.0 5.2 10.0

>_ 19 5.1 4.6

...20



Table 4. Yersinia enterocolitica and indicator bacterial densities in water samples obtained from three depths at station 13,

Mary Lake, on July 10, 1979.

Densities of Bacteriological Parameters (count per 100 ml)

Sampling
Depth

(metres)

Water
Temperature

(oC)

Dissolved
Oxygen

(p.p.m.)

Y. e. Y. e.

Bkg.

TC TC

Bkg.

FC FS PsA PsA

Bkg.

AH AH

Bk 9

1 20.5 9.3 -* 172 6 127 0 23 0 0 52 82

10 10.2 9.2 11 58 1 33 0 150 0 0 13 79

17 5.3 10.3 -* 66 12 484 0 46 0 0 22 60

*
Not Detected. Y. e. = Yersinia enterocolitica

TC = Total Coliform
FC = Fecal Coliform
FS = Fecal Streptococci
PsA = Pseudomonas aeruginosa
AH = Aeromonas hydrophile
Bkg = Background

NO

N
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of Y. enterocolitica in lakes, especially during the summer months, and its

relationship to water temperature and other parameters deserves further study

particularly since many lakeshore residents draw their household water supplies

from the deeper, colder levels of lakes.

From a visual observation of the 197 lake, stream, and well water

samples which contained Y. enterocolitica, there was an apparent lack of

relationship between Y. enterocolitica and the standard indicator bacterial

parameters (total coliforms, fecal coliforms and fecal streptococci). Total

coliforms were present in widely varying densities in nearly all of the water

samples whether or not Y. enterocolitica was present. Fecal coliforms were absent

from about 50% of the samples which yielded Y. enterocolitica. Similarly, fecal

streptococci were absent from about 20% of the samples containing Y. enterocoli-

tica. Pseudomonas aertiginosa was found in only 17 samples (8%) which yielded Y.

enterocolitica. In several instances one or more of the standard indicator

parameters were not detected or were present at low densities in samples which

contained relatively high levels of Y. enterocolitica (i.e. inflows at Dickie and

Livingstone Lakes, Gosling Lake outflow). Y. enterocolitica was also detected in 3

well water samples in which the indicator parameters were either absent or present

at relatively low levels. Aeromonas hydrophila was present in nearly every sample

but their possible relationship to Y. enterocolitica cannot be determined at present.

However, the Rimler-Shotts Broth medium (Fliermans et al 1977) was originally

designed to isolate A. hydrophila.

Schiemann (1978b) reported the presence of various strains of Y.

enterocolitica in lake and well waters of Ontario. In that study 25% of the samples

apparently contained neither total nor fecal coliforms and 50% of the samples were

free of fecal coliforms. Schiemann indicated that most of his strains of Y.

enterocolitica were biochemically or serologically atypical of the strains most

frequently encountered in human yersinial infections and, on that basis, may be of
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little health significance. He cautioned against dismissal of such strains as

nonpathogenic, however, because of the number of reports of human infections with

these and similar strains (Bottone 1978; Bottone et al 1974).

In a major outbreak of acute gastrointestinal illness at a ski resort in

Montana (Eden et al 1977), coliform bacteria could not be detected in the well

water which was responsible for the several hundred cases of infection among the

resort guests and employees. Y. enterocolitica was the only recognized potentially

pathogenic bacterium isolated from the water. All of the Y. enterocolitica isolates

were biochemically or serologically atypical of the strains usually associated with

human infection. However, an incomplete epidemiological investigation of the

outbreak failed to demonstrate that Y. enterocolitica was the etiological agent. A

single case of violent gastroenteritis involving a similarly "atypical" strain of Y.

enterocolitica was reported by Lassen (1972). In that study the infection was also

related to the ingestion of apparently "safe" well water which contained a strain of

Y. enterocolitica identical to that involved in the infection.

In Muskoka-Haliburton, well and lake waters are commonly used for

drinking purposes without the benefit of disinfecting treatment. With increased use

of cottages and recreational facilities during the winter months, when Y.

enterocolitica is most frequently detected, and levels of indicator bacteria in

water are minimal, standard indicators could falsely suggest safe drinking water.

Further studies are required to determine the pathogenicity of waterborne Y.

enterocolitica and to determine quantitatively the potential health risks that may

be associated with this organism in recreational and drinking waters. Such studies

would perhaps clarify the reasons for human yersinial infections occurring at higher

incidences during the fall and winter in countries of temperate climate (Kohl 1978;

Szita and Svidro 1976; Ahvonen 1973; Rakovsky et al 1973; Rusu Pt al 1973;

Vandepitte et al 1973; Arvaston et al 1971).

...23



-23-

(b) Yersinia enterocolitica in sewage lagoons and in waters in close proximity

to lagoons.

The results of bacteriological, chemical and environmental analyses

of water and sewage samples obtained from each of the sewage lagoon systems are

recorded in MOE (1980).

The first analysis of lagoon samples for Y. enterocolitica was

conducted at the Bracebridge system during a period of ice cover in March. Station

9 (cell 3), which was receiving raw municipal sewage from the Town of Bracebridge

at the time of sampling, had a Y. enterocolitica density of greater than 100,000 per

100 ml. In another cell (Station 1) in which effluent is retained for long periods the

Y. enterocolitica density was 2,000 per 100 ml. Because of these results additional

sampling sites were established at the Bracebridge Lagoon System.

On June I-, stations 1, 2, 3, 4, 5 and 6 were sampled. Y.

enterocolitica was recovered only from station 4, a site where water was exuding

from a large mound of sewage sludge which had been removed from cell 2 of the

system about 6 months prior to the sampling date. Ice that had formed within the

mound of sludge during the winter months was melting and forming puddles and

streams of water as the water drained from the mass of solids. Y. enterocolitica

was detected at a density of 30,000 per 100 ml in a sample taken from a small pool

of water. At a similar site, station 3, Y. enterocolitica was not detected in the

water. The water temperatures at these two sludge sampling sites were 14 and

220C, respectively.

On the next sampling sampling (June 28) the water at station 3 was

15.50C and had a Y. enterocolitica density of 1,000 per 100 ml. No Y.

enterocolitica was detected in the water of station 4 at a water temperature of

200C.

At the six other sampling stations, on June 8, with water

temperatures from 15.0 to 17.80C, no Y. enterocolitica was recovered from the
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waters upon initial analyses of the samples. However, after storage for 7 days at

40C, the sample from station 5 was found to contain 10,000 Y. enterocolitica per

100 ml. Station 5 is situated at the mouth of the outfall pipe which is employed as

the discharge point for effluents in spring and fall when dumping of treated wastes

is authorized. The quality of the water from that pipe at each sampling was

consistently very poor. These results suggest a potential for the growth of Y.

enterocolitica when introduced with nutrient-enriched water into a cold environ-

ment.

On August 23, no Y. enterocolitica could be detected at the five

stations sampled.

At Hidden Valley in the 7 samplings, a creek (C.S. Creek) consistently

had high levels of Y. enterocolitica from February through May. This creek

appeared to originate near the base of cell 4 of the lagoon system and flow

westerly to a culvert beneath Highway 60. A pool of water situated on the base of

the western berm of cell 4 and draining into the headwaters of C.S. Creek on May

1 had 4,000 Y. enterocolitica per 100 ml. On May 7, this same location showed Y.

enterocolitica at a density of 1,200 per 100 ml. A sample obtained from a creek

adjacent to cell 1 and 2 on February 26 contained 16 Y. entr-ocoli*ica per 100 ml.

At the Ontario Pioneer Girl's Camp, in May, Y. enterocolitica was

detected at a density of 200 per 100 ml in stream water immediately upstream of

the lagoon. In the same stream immediately downstream of the lagoon the Y.

enterocolitica densities were 1,800 and 30,000 per 100 ml in two analyses.

Sampling of the lagoon was not conducted.

At the Ontario Pioneer Junior Camp, in duplicate analyses, Y.

enterocolitica levels were 30,000 and 50,000 per 100 ml in the lagoon. In drainage

water which formed a small pool on the berm of the upper lagoon the Y.

enterocolitica density was at least 500 per 100 ml.
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At Pinestome Inn, as had been observed for the other lagoon systems,

Y. enterocolitica was detected at very high levels in lagoons with the highest level,

40,000 per 100 ml, associated with raw sewage (Station 2, cell 2). On the same

date, May 22, samples from the nearby streams or ponds yielded low levels of Y.

enterocolitica which were numerically similar to the levels detected in recreational

waters at that time of year (Table 2). The Y. enterocolitica levels which had

characterized the streams and drainage waters near lagoons of the three other

systems were not detected at Pinestone Inn.

On June 12, the stream water upstream of cell 1 could not be sampled

due to insufficient volume of flow. At a downstream location on the same

watercourse (Station 5) Y. enterocolitica was found at a density of 400 per 100 ml.

In another woodland stream (Station 6), 300 Y. enterocolitica per 100 ml was

detected. Pond water on that date was being discharged through a spray irrigation

system, but Y. enterocolitica was detected in only one of the spreay heads samples

(Station 9) at a density of 20 per 100 ml. No Y. enterocolitica were detected in

cell 1 (Station 1) of the lagoon system.

In samples from lagoon systems the standard bacteriological para-

meters usually did not suggest the high level of Yersinia contamination of the

effluents or stream waters. At C.S. Creek, for instance, fecal r_oliforms and

streptococci were present at low levels. Similar failures of these indicators were

noted in the Ontario Pioneer Camps and Bracebridge Systems. Only in the raw

sewage lagoons, where high levels of indicator bacteria would be expected, was

there a correspondence between the high levels of Y. enterocolitica and indicators.

A. hydrophila appeared to be consistently present at high levels when

similar levels of Y. enterocolitica were observed. A. hydrophila has been proposed

as an indicator of nutrient enrichment of waters (Rippey and Cabelli 1979) and as

an indicator of pollution due to human sewage wastes (Blaise 1973; Cabelli 1973).

A relationship between Y. enterocolitica and A. h drophila might be difficult to
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establish because these bacteria appear to have contrasting temperature optima for

growth in aquatic environments (Kapperud and Jonsson 1978; Cabelli 1973).

The studies carried out at lagoon systems indicated the presence of

high densities of Y. enterocolitica in sewage and waters near sewage lagoons during

periods of cold water temperature. The consistent recovery of high levels of Y.

enterocolitica from streams and drainage waters in close proximity to the berms of

sewage lagoons suggested that this microbe may have come from the lagoons or

(nay have been growing in response to nutrients.

These studies also indicated that high levels of Y. enterocolitica

could be detected in water associated with sewage sludge from a lagoon. Very

recently Dudley et al (1980) reported the detection of high levels of Y.

enterocolitica, Y. ruckeri and other potentially pathogenic bacteria from digested

sludge in Texas. The disposal of such waste materials on lands should be carefully

examined. At the Bracebridge study site, water associated with sludge drained into

open ditches which in turn carried their contents to nearby recreational waters.

Similarly the water was consistently observed to flow from the discharge pipe

(Station 5), had many characteristics of the water in the lagoons and was shown to

have the potential to support the growth of Y. enterocolitica to very high levels

when incubated at low temperature. Discharge of such waters, particularly during

the colder seasons, could have an adverse influence on the quality of the receiving

waters. (Editor's note: Samples, from various parts of this Province, of wastes in a

variety of treatment facilities have been examined and showed levels of Y.

enterocolitica equivalent to those found in untreated lagoon sewage.)

Further evidence of the growth of Y. enterocolitica in cold, nutrient-

enriched environments comes from published reports of cold-enrichment procedures

that are commonly employed for the recovery of Y. enterocolitica from human

feces (Sorger et al 1978; Eiss 1975; Greenwood et al 1975; Toma and Deidrick

1975; Winblad 1973c). These procedures involve the incubation of fecal specimens
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.n aqueous solution at low temperature with subsequent attempts to recover Y.

enterocolitica on isolation media. The principle of these incubation procedures is

that Y. enterocolitica is able to compete more effectively at low temperatures for

nutrients supplied by the feces. As a consequence Y. enterocolitica are able to

grow to detectable levels even in the presence of numerous other enteric bacteria.

Lagoons, and perhaps sewage treatment systems in general, which operate during

periods of cold water temperature probably act in a similar manner.

Since Y. enterocolitica is apparently capable of growth even in

distilled water (Highsmith et al 1977c) and of survival for long periods of time in

waters which are relatively cold (Schillinger and McFeters 1978), or which contain

organic matter (Oye 1978), sewage lagoons or other sewage systems which operate

tinder conditions of cold water temperatures may be viewed as incubators of Y.

enterocolitica. Discharge of such wastes with little or no treatment may

contribute to the establi^hment of greater numbers of Y. enterocolitica in the

receiving waters. The apparent greater sensitivitity of Y. enterocolitica to

chlorinated water when compared to E. coli (Schillinger and McFeters 1978), offers

i means of reducing populations in effluents. However, if disinfected nutrient-

enriched effluents encourage the growth of Y. enterocolitica present in the cold

receiving waters, a problem may exist.

The sparse information about levels of Y. enterocolitica in lagoon

effluents is of concern to this Ministry and the available data base is too small to

make generalized statements. Further studies need to be carried out to elucidate

whether this is a localized or widespread occurrence. (Editor's note: The

Bracebridge lagoon system is currently being investigated by the Regional

Environment Ministry staff).

(c) Serology, Biochemistry and Public Health Significance of Yersinia

entrocolitica.

During the present study more than 400 cultures of Y. enterocolitica

were obtained from the analyses of water and sewage samples from a variety of
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Table 5. Serological and Biochemical Characteristics of Yersinia enterocolitica
isolates from water, sewage.

"O"
Number

of
Number of serotypable culture showing various

atypical or typical biochemical reactions
S Bi ltCerotype otype uresu

of
each

Serotype R+ C+ R+C+ S VP Typical

4,32 1 2 1 1

4,33 1 3 1 1 1

5 1 2 2

6,30 1 1 1

7,8 1 2 2

11,23 1 1 1

11,24 1 3 2 1

11,24 2 1 1

12 2 1 1

1.4 1 3 2 1

14,16 1 5 2 2

16 1 19 11 8

16, 19 1 1 1

17 1 9 3 2 2 2

18 1 4 1 3

21 1 1 1

N.T. 1,2 & 3 94 22 9 29 1 18

TOTALS 152 42 12 35 5 43

R+ = rhamnose +, C+ - citrate +, S VP = sucrose and Voqes-Proskauer -,

an additional 15 N.T. cultures not described above displayed a variety of reactions and
combinations of the above reactions.
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sources. While all 400 were confirmed as Y. enterocolitica, only 152 have so far

been characterized serologically and bichemically. The serological characteristics

of some of these cultures are recorded in Appendix A adjacent to data pertaining to

samples from which they were obtained. A summary of the serological and

biochemical characteristics of these cultures is presented in Table 5.

Sixteen distinct serological-biochemical groups of Y. enterocolitica

strains were observed among the cultures submitted to the Ministry of Health

Reference LaboraLory. Fifty-eight of the 152 (38%) cultures examined were

serotypable by the O-antisera of Wauters et al (1970). Schiemann (1978b) reported

similar findings with his isolates of surface and well water origin. Of the

serotypable cultures 56 belonged to biotype 1 of Wauters (1970). Most of the

nontypable cultures also belonged to biotype 1. Of the serotypable cultures 33 had

the biochemical characteristics of utilizing rhamnose or citrate or of producing ne-

gative results in tests determining sucrose utilization and Voges-Proskauer

reaction. These biochemical reactions are atypical of the strains of Y.

enterocolitica which have been associated with most cases of human yersinial

infection.

Atypical biochemical reactions, particularly rhamnose utilization,

have frequently been suggested as possible epidemiological markers which might be

useful in discriminating between "environmental" strains of Y. enterocolitica and

those which are more likely to be of significance in human disease (Barre et al

1979x, 1976; Alonso et al 1976, 1975; Brenner et al 1976). Nevertheless some

strains, e.g. serotype 0:17, which are characterized by atypical biochemical

reactions have been associated with human infections (Bottone 1978, 1977; Bottone

et al 1974). Nine strains of serotype 0:17, both rhamnose positive and negative

strains, were recovered from recreational waters and from streams adjacent to

sewage lagoons in the present study. In fact this was the second most commonly

encountered serotype.
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The most commonly encountered serotype of Y. enterocolitica in this

study was 0:16. Nineteen isolates of this serotype, 8 of which displayed typical

biochemical reactions, were isolated from recreational waters and streams

adjacent to sewage lagoons. Serotype 0:16 has been isolated from clinical

specimens from man (Toms et al 1978; Vandepitte et al 1973; Wauters 1973;

Weaver and Jordan 1973), from soil (Barre et al 1979x), rodents (Kapperud 1975),

and from water (Kapperud and Jonsson 1978; Schiemann 1978b). Other serotypes

which were isolated in this study and have been associated with diseases of man or

animals were 0:4,32 (Toma and Lafleur 1974), 0:4,33 (Hacking and Sileo 1974), 0:5

(Rakovsky et al 1973), 0:6,30 (Toma et al 1978, Hacking and Sileo 1974), 0:7,8

(Rakovsky et al 1973), 0:17 (Bottone 1974), 0:18 (Wauters 1973) and 0:16,29 and 0:21

(Toma et al 1978; Lawrence et al 1973).

In Canada the vast majority of human infections with Y.

enterocolitica involve serotype 0:3; 0:5,27; 0:8; 0:6,30, 0:9 and 0:4,32. Serotype 0:3

accounted for about 80% of clinical human isolates in Canada between 1966 and

1977 (Toma et al 1978). While few of these serotypes were isolated, the results of

the present study do implicate the aquatic environment as a reservoir of a great

diversity of strains of Y. enterocolitica. When this finding is combined with the

recent demonstration of plasmid mediated invasiveness (Zink et al 1980), with the

ability of environmental strains to produce heat stable enterotoxin (Pai and Mors

1978; Pai et al 1978), and with the exhange of antibiotic resistance transfer factor

in Y. enterocolitica (Bechtel and Boring 1979; Kanazawa and Kuramata 1974), the

potential for more virulent strains of Y. enterocolitica in the environment must be

recognized. In sewage systems or in other environments where very high levels of

Y. enterocolitica develop this potential should be recognized.

There have been some suggestions that the biochemically atypical or

the more rarely encountered serotypes and nontypable strains of Y. enterocolitica

are of little significance in human pathology except in cases of host debilitation
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and in cases of unusual ecological conditions (Mollaret 1976). These suggestions are

supported in part by the reports of Lee et al (1977), Une (1977 a and b) and

Pederson (1976). Using Hela cell culture systems, these workers collectively

assessed the pathogenicity of 356 Y. enterocolitica isolates by determining the

ability for each isolate to invade Hela cells. It was found that 39% of the 306

human and animal isolates were invasive. Most of these invasive strains were of

the serotypes 0:3, 0:4c, 0:5b, 0:8 and 0:9 and belonged to biotype 2, 3 or 4. The 16

water and 34 food isolates were not invasive. These 50 non-invasive environmental

strains mostly belonged to other serotypes and to biotypes (1 or 5) which are not

commonly encountered in human infections. However, using an infant mouse

system of Dean et al (1972), Pai et al (1978) demonstrated the production of heat-

stable enterotoxin by 18.4% of water isolates of Y. enterocolitica. Tsubokura et al

(1979) showed that strains of biotype I were able to produce hemolytic substances

which caused cytotoxic effects in Hela cell cultures. Laboratory tests of

pathogenicity of Y. enterocolitica in animals have shown waterborne strains of

serotypes 0:8 (Carter et al 1973) and 0:17, biotype I (Raevuori et al 1979) to be

virulent to mice and chinchilla, respectively. A non-typable biotype I strain

isolated from rat fleas has also been shown to be pathogenic for mice even at low

dosages (Duan et al 1974). These and similar studies (Nilehn 1973; Szita et al

1973; Botzler et al 1973; Mollaret and Guillon 1965) indicate that the factors

involved in the expression of virulence of Y. enterocolitica in humans and animals

are not well understood. Further studies, such as that conducted by Zink et al

(1980), will accelerate our understanding of these matters.

Previous studies, upon which the suggestions of Mollaret (1976) were

based, employed non-quantitative procedures for the isolation of Y. enterocolitica

from human and environmental sources. In the present study, quantitative

procedures were employed for the determination of Y. enterocolitica with the

result that very high levels of this microbe were detected in and about sewage
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systems. While many of the isolates differed in their serological or biochemical

characteristics from strains of Y. enterocolitica most often encountered in human

infection, their detection at very high levels is indicative of a highly unusual

ecological condition and of a potential health hazard which has previously not been

recognized.

Further study is required to determine the potential for the

development of new pathogenic strains and for the growth of the more virulent

strains of Y. enterocolitica under a variety of environmental conditions. Until

further ecological and epidemiological studies are completed the etiology of the

less familar strains of Y. enterocolitica in human or animal pathology will remain

unresolved.
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SUMMARY

Using a quantitative membrane filtration procedure, a study of the

distribution and levels of Yersinia enterocolitica in lakes, streams, wells and

sewage lagoon systems was conducted in Muskoka-Halihurton in 1979.

In surface waters with no apparent contamination with untreated

sewage, Y. enterocolitica was detected at levels of 2 to 500 per 100 ml, the

background concentration range. In waters in close proximity to laqoons and to

sewage sludge, levels of 500 to 30,000 Y. enterocolitica per 100 ml were detected.

In sewage lagoons, up to 100,000 Y. enterocolitica per 100 ml was observed. Y.

enterocolitica was most frequently detected during winter and early spring and was

rarely detected in water during the summer.

Most of isolates of Y. enterocolitica were atypical in their

biochemical characteristics. Fifty-eight (38%) were serotypable. Of the 16

serotypes, serotypes 0:17 and 0:16 occurred most frequently. Water isolates of

serotypes 0:4,32 and 0:6,30 resembling human strains were also detected.

The findings indicate a negative relationship between the incidence of

Y. enterocolitica in water and water temperature, and they suggest a relationship

between Y. enterocolitica densities and nutrient loading. No relationship between

Y. enterocolitica and the standard indicator bacteriological parameters was

observed. The presence of very high levels of Y. enterocolitica in sewage systems

make them a reservoir of these bacteria.

The findings have been discussed in terms of the current literature

concerning the ecology of Y. enterocolitica in the environment and the relationship

of Y. enterocolitica to human and animal pathology.
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RECOMMENDATIONS

1. Further studies should be conducted to determine the Yersinia enterocolitica

population in surface water and various sewage systems. Particular

attention should be given to the effects of environmental conditions,

nutrient levels, the type of sewage treatment and disinfection, the

practices of seasonal disposal of effluent and sewage sludge, and the effects

of disinfected and non-disinfected effluents on the Y. enterocolitica

population in receiving waters. (MOE programs have already been initiated).

2. Public health authorities and waste management engineers should be made

aware (a) of the importance and the need for disinfection of sewage wastes

during periods of low water temperature because of the high levels of Y.

enterocolitica they contain in cold periods, and (b) that the presence of Y.

enterocolitica in recreational drinking waters may not be predicted by

standard indicator bacteria.

3. Yersiniosis, the disease caused by Yersinia enterocolitica has been a

reportable disease in Ontario only since 1978. In the Muskoka-Parry Sound

region, no Yersiniosis was reported for 1978 and 19-M (Dr. P. i<. 131ake,

Ontario Ministry of Health - memo - September 23, 1980). However, Dr.

Toma's 1978 report (Toma et al. 1978) does suggest increased incidence of

clinical isolations in Ontario, and Dr. J. M. Joshoa's report (personal

communications) shows 107 Ontario cases in 1979 and 81 for the first half of

1980, indicating that Yersiniosis is occurring in the Province. Further work

should be conducted to determine the public health significance of Y.

enterocolitica in recreational and drinking waters.

4. Efforts should he made to assess Y. enterocolitica as a new bacteriological

water quality parameter.
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